SYNOPSIS A patient with a dominantly inherited form of Kufs' disease and an associated occipital astrocytoma is presented. This is the first reported case in which the diagnosis of Kufs' disease was made by a cortical biopsy several years before its expected clinical onset. The nosology of this disease, and its clinical, genetic, and histopathological characteristics are discussed. The establishment of an early diagnosis by cortical biopsy and its implications are considered Kufs' disease, an adult form of neuronal ceroidlipofuscinosis, is a very rare and fatal disease (DeVries, 1968; Kornfeld, 1973) . Most commonly, the various types of neuronal ceroid-lipofuscinoses are inherited as Mendelian recessives (Seitelberger et al., 1967; Boehme et al., 1971) . This report concerns a patient with an occipital astrocytoma and a documented family history of an autosomal dominantly inherited type of Kufs' disease, who was definitely diagnosed as having this disease by a cortical biopsy taken at the time of a craniotomy some seven years before the expected onset of prominent symptomatology. A definitive diagnosis of Kufs' disease so long before its expected onset has not been established previously, nor has association of a cerebral neoplasm with Kufs' disease been reported. CASE 
HISTORY
The patient is a 24 year old right-handed white male of German-Irish extraction who was first admitted to the Veterans Administration Hospital, East Orange, (Fig. 1) The neuronal perikarya of the occipital cortex contained irregular electron dense bodies which corresponded to the lipofuscin granules observed by light microscopy. Occasionally these bodies were adjacent to or surrounded by electron lucent vacuoles (Fig. 4) . No beaded membranes or fingerprintlike patterns were noted.
Electron microscopy ofthe tumour revealed slightly elongated nuclei with moderately dense chromatin. The cytoplasm, which was distributed into bipolar processes, contained endoplasmic reticulum, mitrochondria, and round electron dense bodies resembling lysosomes. The unique feature of these cells was the presence of intracyctoplasmic fibres which were frequently arranged in parallel bands. The electron microscopic appearance of these cells resembled closely that of fibrillary astrocytes (Fig. 5) (Zeman and Dyken, 1969; Boehme et al., 1971) .
The neuronal ceroid-lipofuscinoses demonstrate no altered ganglioside metabolism but rather intraneuronal accumulation of ceroid and lipofuscin (Zeman and Dyken, 1969; Boehme et al., 1971; Kornfeld, 1973) . The biochemical pathogenesis remains unknown (Pallis et al., 1967; Zeman and Dyken, 1969; Boehme et al., 1971) . Thin layer chromatography has shown normal phospholipid and ganglioside patterns (Pallis et al., 1967; Zeman and Dyken, 1969) . The diagnosis is based on demonstration of excessive intraneuronal, astrocytic, and visceral accumulation of autofluorescent granules which ultrastructurally and histochemically have been defined as ceroid and/or lipofuscin (Kufs, 1929; Wallace et al., 1966; Boehme et al., 1971; Chou and Thompson, 1970; Coggi, 1972) . Lipopigment accumulation is accompanied by distension and ballooning of the neuronal perikarya. The diffuse loss of neurones produces gross brain atrophy (Winkelman, 1947; Fine et al., 1960; Pallis et al., 1967; Zeman and Dyken, 1969) .
Neuronal ceroid-lipofuscinosis can be divided into various subtypes based upon phenotypical criteria. Boehme et al (1971) described several such types, including the Kufs' type, which has been erroneously misnamed 'adult familial amaurotic idiocy'.
The clinical picture of Kufs' disease is not well defined because of the variability of its clinical course and symptoms (Kufs, 1929; Winkelman, 1947; Boehme et al., 1971) . The variability in location of the histopathological process results in an inconstant clinical syndrome (Winkelman, 1947; Fine et al., 1960) . The most common symptoms are dementia, cerebellar ataxia, involuntary movements, rigidity, myoclonus and seizure disorders (Kufs, 1929; Zeman and Dyken, 1969; Boehme et al., 1971) . Visual symptoms are usually not present (Kufs, 1931) . Nearly all of the reported cases of Kufs' disease have shown an autosomal recessive inheritance (Kufs, 1931; Boehme et al., 1971) .
The patient reported here is a member of a family with a dominantly inherited form of Kufs' disease documented by clinical, genetic, and pathomorphological criteria (Boehme et al., 1971) . The patient's mother was severely symptomatic and totally incapacitated by complete incoordination, inability to speak, and massive myoclonus. Boehme et al. (1971) studied this family extensively and reported striking uniformity in the time of onset and the clinical manifestations among the affected siblings. Grand mal seizures, progressive cerebellar ataxia, myoclonic jerks and massive myoclonias, progressive dementia, and essential hypertension are the clinical features of the disease. Its onset is uniformly at the age of 31 years. In this case, the opportunity for cortical biopsy at craniotomy enabled a definitive diagnosis of Kufs' disease to be established at age 24 years, seven years before the expected appearance of distinctive signs and symptoms.
Azurophilic hypergranulation of polymorphonuclear neutrophils, although not pathognomonic for the neuronal ceroid-lipofuscinoses and Kufs' disease, was found in all the living patients of this family and was absent in ascertained noncarriers (Boehme et al., 1971) . Three healthy children, including our patient, of those affected family members demonstrated an increased although mild, azurophilic hypergranulation and no lymphocytic vacuolization (Boehme et al., 1971) . Zeman and Dyken (1969) note that, whenever it is present in an affected patient, azurophilic hypergranulation of the neutrophils is seen in the parents and in two-thirds of the siblings of the patients, suggesting that this leucocytic abnormality may act as a marker for the mutated gene in these families. These observations in the peripheral leucocytes, however, should be interpreted with the greatest caution, since their presence is inconstant and their mild appearance may represent nothing more than a variant of the normal granulation.
Histologically, the most prominent pathological finding in Kufs' disease is severe neuronal loss, the sites of maximal involvement being the cerebral cortex, cerebellum, substantia nigra, and various other subcortical nuclei (Kufs, 1929; Zeman and Dyken, 1969; Kornfeld, 1973) . The remaining neuronal perikarya are enlarged by an accumulation of abnormally large amounts of yellow-brown cytoplasmic granules, which have the appearances of a ceroid-lipofuscin type of pigment (Kufs, 1929; Pallis et al., 1967; Boehme et al., 1971) . These distended, ballooned neurones are seen ubiquitously in virtually all parts of the central nervous system. Neurones of the substantia nigra contain coarse spheroid inclusions termed 'myoclonus bodies of the protein type' as defined by Seitelberger (Seitelberger, 1962; Seitelberger et al., 1967) .
Electron microscopy reveals, most frequently, intraneuronal lipopigment granules with a variegated internal structure composed of granular matter, and membranes containing a wide variety of multilamellar and fingerprint-like patterns (Pallis et al., 1967; Chou and Thompson, 1970 ). Kornfeld's (1973) ultrastructural examination of tissue from a patient with Kufs' disease revealed lipofuscin as the main substrate of swelling in the distended neurones. In the postmortem electron microscopic studies performed by Boehme et al. (1971) upon our patient's uncle, the multilamellar and fingerprint patterns and lattices, which describe the internal structure of lipopigment bodies in the tissues of other patients with ceroid-lipofuscinosis, were not found. The ultrastructure of intraneuronal lipopigment is variable, and therefore, of limited diagnostic value.
Since the accumulation of lipofuscin in the cytoplasm of some neurones is a normal concomitant of the aging process, the significance of diffuse lipofuscinosis is difficult to define. The question arises whether lipofuscin pigments accumulate simply as a function of age or in response to a variety of injurious conditions. Pallis et al. (1967) state that the occurrence of lipofuscin in the neurones of younger subjects implies abnormal lipid metabolism, and that the presence of lipofuscin in all neurones with ballooning due to its accumulation is considered abnormal at any age.
The pathogenesis of neuronal ceroid-lipofuscinosis remains obscure. It is apparent that different mutant genes are involved in the production of neuronal ceroid-lipofuscinosis as exemplified by some cases possessing a recessive pattern of inheritance and others demonstrating dominant inheritance, as in this reported case. This is further suggested by the variability noted in phenotypes. The involvement of different mutant genes in the production of neuronal ceroid-lipofuscinosis necessitates criteria other than phenotypical to be established before precise diagnostic characterization of this group of disorders can be achieved.
In this patient, a cortical biopsy done at the time of occipital craniotomy for tumour removal allowed a definite diagnosis of Kufs' disease to be established several years before its expected clinical onset. This is the first reported case which demonstrates that the histopathological changes indicative of Kufs' disease occur before its clinical presentation, and that early diagnosis is possible. It may be suggested that, if a family history of Kufs' disease be present, a cortical biopsy can be performed on a suspected patient for diagnostic purposes as well as for genetic consultation.
